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SVSTEM AND METHOD FOR COUPLING ULTRASOUND GENERATING 

ELEMENTS TO CIRCUITRY 
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«f T T S Patent Application S.N. 09/378,175, filed 
8 Inc.. which in turn is a continuation of U.S. Patent A PP 

10 ^-^-«— — ""^ ThlS „ b 
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, uUrasonic waging is accomp.ished by generadng and direcdng uUrasonic wave, into a 

2 materia, under inveadgado. This — e imaging uses a ae, of uKrasound generadng 

3 uansducers and men observing reflections generated at the boundaries of disbar 

4 m a«ria 1 s,suchasUssuesvviU, i napa«en t ,a, S ou S esase t ofu.«rasound re ce i v i ng 

.ansducers. The receiving and generating dansducers ntay be arrange* in areays and are 
typi cal ly different sets of transducers but may differ on,y in the circuitry to which they 

7 are connected. The reflecdons are converted to eiectricai signais by the receiving 

8 .mnsducers and then proceased, using technics known in the art. to detennine the 

, iocauons of echo souree, The resuiring data is dispiayeo using a display device, such 

10 as a monitor. 

u [00041 TtabenmintensityasafunctionofpositionntayoscmareratberthanfaHoff 

12 .onotonicaiiyasafuncrionofdistanee^mtbeeenterofthebeanr. These osciHationa 

13 inbeanrintensityareoftencaned-sideiobes" In dre prior ari, the term "apodisation" 
U refers to dre process of affecting .he distribution of beam intensity to reduce side iobes. 

15 However, in the remainder o, this specification the term "apodisation" ia used to refer to 

16 coring the disdiburioo ofbeam intensity for a desired beam character^ such as 

„ having a Guassian or sine funcdon distribution of beam intensity (without me side .obes, 
„ [0005, srecringreferatochangingthedirecionofabeam. Aperture refers to the stze 
„ of .be dansducer or group of Queers being used to transmit or receive an acousttc 

20 beam. 

21 [0006] Theprioraripro-.ssofproducing.reeeiving.andanaly.inganu.daaonic 

22 teamiscaUedbeamfonping. The preduedon o, uidasonic beams opdona«y ine.udes 

23 apodisadon, steering, focusing, and aperture. Using a prior ari data anaiyais technique 



{00040801vl}2 



(0 



CONFIDENTIAL 



1 each ultrasonic beam is used to generate a one dimensional set of echolocation data. In a 

2 typical implementation, a plurality of ultrasonic beams are used to scan a multi- 

3 dimensional volume. 

4 [0007] Typically, the ultrasonic signal transmitted into the material under 

5 investigation is generated by applying continuous or pulsed electronic signals to a 

6 transducer. The transmitted ultrasound is commonly in the range of 40 kHz to 10 MHz. 

7 The ultrasonic beam propagates through the material under investigation and reflects off 

8 of structures such as boundaries between adjacent tissue layers. As it travels, the 

9 ultrasonic energy may be scattered, resonated, attenuated, reflected, or transmitted. A 

□ 10 portion of the reflected signals are returned to the transducers and detected as echoes. 

□ 

y 11 The detecting transducers convert the echo signals to electronic signals for processing 



12 using simple filters and signal averagers. After beam forming, an image scan converter 

13 uses the calculated positional information to generate two dimensional data that can be 
□ 14 presented as an image. In prior art systems the image formation rate (the frame rate) is 



15 limited by at least the return time of an ultrasonic pulse. The pulse return time is the time 

16 between the transmission of ultrasound into the media of interest and the detection of the 

17 last reflected signals. 

18 [0008] As an ultrasonic pulse propagates through a material of interest, additional 

19 harmonic frequency components are generated, which are analyzed and associated with 

20 the visualization of boundaries, or image contrast agents designed to re-radiate ultrasound 

21 at specific harmonic frequencies. Unwanted reflections within the ultrasound device can 

22 cause noise and the appearance of artifacts in the image. 
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, [0 009] One-dimensional acoustic arrays have a depth of fcKustha, is usually 
aaenuineo by a nonadjustab.e passive acoustic focusing means that is affix* to each 
saucer. This lype of focusing necessitates using diffeten, transducers for different 
4 applications with different depths of focus. 

mm Two-dimensional transducer arrays useO for high-speed three-dimensional 
waging application, suffer from sensitivity .oss caused by coupling multiple signal 

7 uansfer and distribution systems to ultrasound systems. Two-dimensional transducers 

8 useti for high-speed .hrce-dimensional imaging applications must have a large number of 

9 p^tortwo-dimensionals^eringcapabmrywimhigbresolution. High numbers of 
,0 radiating/receiving pixels inevirab.y result in high electrical impedances per pixel in 

n (MEM) transduce*), making high-reso.ution two-dimensiona. arrays impractical. 

,3 [0011] ToreducetheimpedanccmanypriorMdevicesuseaUmitednumberof 

,4 elements, or a one-dimensional anay. In typical ultrasound sysrems, these high 

15 impedance elements are driven by a rypica. coaxial cable bundle canying as many micro- 

16 coaxial cables as tire number of pixels, with each micro-coaxial cable usually having 50- 

17 75 0hmimpetiance. These cables do no. directly interconnect .0 the individual elemenrs 

18 „, the two-dimensional array. Another level of interconnection in the form of mu.ti-.ayer 
» Printed Circuit Boards (PCBs) co-fireti ceramic boar* or mu.ti-.ayer flexes must transfer 
20 dresignaltoutetransducere.ements. The transducer Cements are grcuped into pixe,s 
M eachcon^n.ngoneormo rett an S ducere,emen« S . For example, each pixel may con* 

22 oae.anamirtingandonercceiving—re.emen.. Sysrems including cables suffer 

23 femdrawbackamatinc.ude.fl.thelargenumberofrequiredmicro-coaxiale.emen.s 
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^element*. T^draw^-nin^.y.owsens^.eve,,. The 

elements, introduces additional capaciuve loading and crosstalk. 
[00121 FIG. 1 shows a prior ar, utaasonic imaging device 100. including a system 

8 which includes a multilayer suucture 1 .0 for transmitting the aignal, interposing 

, elec.rica.connectotsmtcrtue^shownXacous.icCemen.s.U.andpinsne. System 

„ ^aceramichoanl.orflexcimuiMore.amp,. The interposing eleclHca, conned 

n structure (no. shown) could he an imerposing media for carrying signals tan the 

13 ^layershuCreUOroacouadcelementsfH. The device of FIG. 1 is bulky and can 

15 inBrf e reS with movement. Cable .06 also needa .„ he thick and merefore doea not bend 
17 acoustic elements 1 14. 
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SUMMARY OF THE INVENTION 



3 [0013] The invention provides a miniaturized ultrasound system generating and 

4 receiving unit such as a motherboard with two-dimensional signal addressing capability. 

5 First connector 104, cable 106, and second connector 108 of the prior art FIG. 1 device 

6 can be eliminated. The system may have a system motherboard connected with a 

7 cableless coupling to a transducer array. In one embodiment the cableless coupling is 

8 also wireless. The system may include a two-dimensional surface interconnection 

't 9 between the transducer array and the of the system, which eliminates the unpractically 

n 

10 thick and heavy cable. In one embodiment, the signal generation and/or detection may be 

11 electrically matched to the transducer elements increasing the sensitivity than were 

12 transducer elements not matched to the signal generation and/or detection system. The 

13 two-dimensional interconnection on the motherboard maybe used without any other two- 

14 dimensional interconnection. In another embodiment the electrical connection to the 
1 15 two-dimensional array elements are made via many flex circuits, each coming from one 

16 row of elements, which may be terminated directly on the motherboard row of pads. 

17 [0014] The two-dimensional array may perform multiple tasks; The motherboard 

18 system and the transducers may be designed to provide a sufficient percentage of the 

19 bandwidth for multiple frequency operations. For example, for many ultrasound 

20 transducers 100% of the bandwidth is necessary for multiple frequency operations. Inan 

21 embodiment, the depth of focus is not fixed by the physical construction of the array, but 

22 is controlled by the area forming electronics and the system software, by active electrical 
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1 phasingof^^mensional^yelemcnu. Alternative.,, «M transducers * 

2 diff^mapp.icationswi.hdiffe^dep.hsoffocusoanbeused. Changing from one 

3 transducer to another can be facilitated by having a high density connector (i.e., a 

4 connector having a high density of connector contact pads, one pad for each transducer 

5 element (e.g., pixel) of the two-dimensiona, array) between the rwo-dimensional army 

6 and the system motherboard. 

7 (00151 The invention may provide acoustically attenuating mounting posts with low 

8 electncal re sis.ance,forexample,anda 1 ,ow,he.wo^mensionalarraysofacoustical 

9 elementstohaveahighersensitivitymanwemmepos^notpresent. The height of the 

10 posts aUows the transducer to be oriented for convenient use even though i, is an integral 
, , par, of the motherboard, an other interconnection device, or an other system for examp.e. 
,2 The permanent connection with the motherboard requires me desiga of the transducer to 
13 provide sufficient bandwidth for multiple frequency operation. 

,4 [00161 Inoneemb^imentmetwoKhmenaionaiaaayispermanentlyintegraredwith 
,5 the motherboard. The depth of focus of the two-dimensional array is no, fixed by the 

,6 physical constitution of me array, bu, is continued by me area forming e.ectionics and 
,7 s ys,emsoftware,whichde te rminemeactivephasingof,he,w^dimensionalarray 

18 Clemen*. This method of contiol eHmina,e S me necessi,y of using differen, transducers 

,9 for differen, applications with differen, fixed deptits of focus and allows one transducer 

20 affixed to the motherboard, for example, to perform multiple tasks. In another 

21 embodiment of mis invention differen. rwo-dimensiona! arrays with differen. depths of 

22 focus, frequency, and outer charac.eris.ics can be plugged » me system motherboard 

23 without an intervening cable via the high density connector. 
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, [«K)17] Broadbeam.echnolopesrfer.osys^ms.ndmethodsma.mcladeortake 
2 advantage of techniques for generating ultrasound and analyzing detected echoes such 
m mu.tidimens.ona. spatial information obtainable from a single ultrasonic pulse. 

4 [0018] Ateafonningisureprocessofprodncing.receiving.andanalyzingan 

5 oHrasonic beatn, tha. optionally includes apodisation, steering, focusing, and aperture 
« con.ro., where a two dimensiona. set of ecbolocation data can be genera.ed using on,y 

7 one ultrasonic bean,. Nonethe,ess, tnore .ban one ultrasonic beam may still he used with 

8 .heareafomtingeventhoughonlyoneisneceasary. Ama taming is a process separate 

9 and distinct from beam forming. Area forming may yield an area of information one 

„ uneofinformationpertransmitand/orreceivecycle. Amatively, team forming can be 

12 used instead of area forming electronics throughout this application. 

13 [0,19] Vo.umeforntingismeproceasofpnaducing.tecemng.andanalyzingan 

14 uhrasonic beam, that optionaHy includes apcrfisation, steering, focusing, and aperture 

15 control, where a three dimensional set ofecholocation data can be generator, using on,y 

16 „„e uhrasonic beam. Nonethe.ess, multiple uhrasonic beams may be used although no. 

17 necessary. Volume forming is a superset of area taming. 

a [0020] Mu.timmensionalfonningistheptocessofproducing.receiving.and 

„ analyzing an ultrasonic beam, that optionally includes apodisation, steering, focusing, and 
20 apertures, wherein a two or more dimensional set of spatial eohoiocation data can be 
M generated using only one ultrasonic beam. None.he.ess, multiple uhrasonic beams may 
22 be used aUhough not necessary. Mu.tidimens.ona. fonning optional* inc.udes non- 
23 spatial dimensions such as time and velocity. 
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[0021] In the above discussion although the motherboard is specified as the signal 
generating and receiving unit, i. is on.v by way o, example and any signal generating and 
receiving unit can be used. 
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! BRIEF DESCRIPTION OF THE DRAWINGS 

2 [0022] FIG. 1 is a prior art ultrasound device; 

3 [0023] FIG. 2 is an overview of an embodiment of the invention; 

4 [0024] HG.3stowsthedetaiboffte 

5 the invention; 

6 [0025] FIG. 4 is an alternative embodiment of the structure of FIG. 2; 

7 [0026] FIG. 5 is a more detailed illustration of FIG. 4; 

8 [0027] RG. 6 is another embodiment of the structure of HG. 2; 
2 9 [0028] FIG. 7 is another embodiment of the structure of FIG. 2; 

10 [0029] FIG. 8 is another embodiment of the structure of FIG. 2; 

11 [0030] FIG. 9 is another embodiment of the structure of HG. 2; 

12 [0031] FIG. 10 is another embodiment of the structure of FIG. 2; 

13 [0032] FIG. 11A is a flowchart of a memod of transmitting an acoustic signal; 

14 [0033] FIG. HB is a flowchart of a method of receiving an acoustic signal; 

15 [0034] HG.12Aisaflowchartofamemodofmaldnganembodimentofmeinvention; 

16 [0035] HG. l2Bmmtrates me structure at various stages of the method of FIG. 12 A; 

17 [0036] FIG. 13Aisaflowchartof amethodof making an embodiment of the invention of 

18 FIGs.4-10; 

19 [0037] FIG. 13B illustrates the structure at various stages of the method of FIG.13A; and 

20 [0038] HG.14isaflowchartofamemodformakingintermediateelementsofan 

21 embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



3 [0039] n0.2te a novervi e wofoneembodin M .tof t heinyention.FIG.2show Sa 
5 viaacabtelesscouplingMStoasigndgeneratingand^ivingunitm Thecableless 

7 acom.eao.208. The con»e«or208 is coupled u.A.signa. generating and «c«vtag unit 

8 210, which are secured within housing 212, and cooperates with cahleless coupling 203. 

9 [0040] Tte^ltam«toW»«e^-^WP-^*^ 

,2 intermediate sriucture 204, or receives ultresonic waves and converts them to electrical 
13 signals, then sends them to intermediate structure 204. 

,4 [0041] manembodimen t cablelessc„upting203isa.sowh,less.Signalger K ratinga„d 

,6 a.soinc.udeoneor m oreclti.dhoards,forexample. Intermediate structure 204 is an 

17 dM ^mlu*^^^*™»^ m '* t ~ M 
,8 th eelen MtS ofmeu l uusound«ansduc i ngsmrcture202. Additionally, inlennediale structure 

20 and conducts the electiical signal to ultrasound uansducing sriucture 202. 
2, [0042] 

22 ^^^M^m^Mo^^^r^^^ 
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, periodic Wee. Tfelatdeemaybe.ec.an^arorhe.agonal.forexamp.e. Electrically 

2 com.ueU n g S m ) cu re 206™yb«P^ormaybein K rioe ki ngmaleandfema 1 epin S ,for 

3 examplejoitungintermedia, e sttueriTe 204 and connect 208. Si^a.gene^.g and 

5 ««« te .P^Cta*l^<PCB).^«^^- totote, * ,,, 

« n^smission and distribution. ConneCor 208 may be a sepan* component adaehed to signa, 

8 «d,210. Forexam P le,connee«>r208inaybeaconnector,egioneo„pled.oorona 

9 motherboard. <n»^«i*"^*^ 

„ anachedtogether. Thus, whenever the specification disease, d. conn«.or 208 being "on" 

12 ^genemtingandteceivrnguni^^^^^ 

,4 210.) ag- »^rf«^'^2»Wl^»«™^» m -~ 

15 Tnesmai.rizeofd.ehandheldu.Baaound devdee may allow ulirasound n^sdneing sinxmre 

16 202 to be easily positioned for imaging at a variety of angles. 

„ [00431 A^vely.aseedonofho^g^eanberr^ofaflexiblen^.erialU.aBow 

« d K posidoningofd K nan S dneers« I c«ure202. Signal generating and giving unit 210 may 
„ ^keptsma.lenou^and/ormayhaveaseeUonmatismadefromflexiblema.rial.oa.^w 

21 202 to be easily positioned for imaging. 

22 [0044] n0.3sr^w S d K deun.sofd,esm 1 cmmofHG.2aceording»oneembodime„tof 

23 theinvention. The FIG. 3 embodiment, which is a first embodiment 300, includes transducer 
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1 302 having electrical pads 304, intermediate elements 306, electrical contacts 308 a and b, 

2 which sandwich therebetween an active acoustic element 310, acoustic transducing element 

3 312, acoustic matching element 314, ground sheet 315, optional acoustic window 316, 

4 optional filler 318, and optional adhesive 320. 

5 [0045] Connector 208 on signal generating and receiving unit 210 of the ultrasound 

6 system is coupled to transducer 302. The collection of electrical pads 304 are one 

7 embodimentofelectricallyconductingstructure206. m an embodiment, a two^iimensional 

8 array of all electrical pads 304 make up electrically conducting structure 206, and are coupled 

9 to intermediate elements 306, which make up intermediate structure 204. Electrical pads 304 

10 can be pure materials, alloys, or any mixture of chromium, nickel, silver, copper, gold, tin, tin 

1 1 oxide, indium and/or indium oxide, or any conductive material, for example. Acoustic 

12 transducing element 312 includes electrical contacts 308 a and b, which sandwich 

13 therebetween an active acoustic element 310. Active acoustic element 310 can be made with 
t 14 any acoustically active material (i.e., any material capable of converting a sound signal to an 
| 15 electrical signal and visa versa) such as piezoelectric materials such as quartz, hthium niobate, 
g 16 hthium sulfate, ceramic materials, lead zirconate titanate, barium titanate, and lead 

17 metaniobate, or other sound generating devices such as micromachined structures. Electrical 

18 contacts 308 a and b can be made from materials including, pure materials, alloys, or any 

19 mixture of chromium, nickel, silver, copper, gold, tin, tin oxide, indium and/or indium oxide, 

20 or any conductive material, for example. 

21 [0046] The sandwich of active acoustic element 310 and electrical contacts 308 a and b 

22 form an acoustic transducing element 312 for generating and/or receiving ultrasound. Inthe 

23 case of a4mS machined device the sandwich of active acoustic element 310 and electrical 



Li. 

b 

bi 
03 
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1 contacts 308 a and b may be replaced by the micro machined element and its contacts, which 

2 may or may not have a sandwich structure. Acoustic transducing element 312 may also 

3 include an acoustic matching element 3 14 and an optional acoustic window 316. Optional 

4 acoustic window 316 provides electrical isolation protecting a media of interest such as a 

5 patient from electrical shock. Optionally, acoustic matching element 3 14 may provide 

6 electrical isolation instead of or in addition to the electrical isolation provided by optional 

7 acoustic window 314. Acoustic matching element 314 may be an assembly of acoustic 

8 matching sub-elements. For example, acoustic matching element 314 may have several 

9 different layers. Acoustic matching element 3 14 may be made from materials or mixtures of 
10 materials with acoustic matching properties. In an embodiment, acoustic matching element 

yj 11 314 electrically couples electrical contact 308 b to ground sheet 315 thereby providing a return 

4 

Uj 12 to ground. Alternatively, ground sheet 315 need not be included because optional acoustic 

t 

£3 13 window 316 could be made from a conductive material and act as a ground sheet. Further, 

s 

^ 14 alternatively, electrical contacts 308 b can be electrically coupled together forming one sheet, 

m 

*^ 15 for example, that can be used for a return to ground. In this alternative embodiment acoustic 

yi 16 matching element 3 14 may or may not be conductive. Joining electrical contacts 308 b into 

17 one sheet increases the difficulty of acoustically isolating transducers 302. However, if the 

1 8 acoustical impedance of the conductive material joining electrical contacts 308 b is 

1 9 mismatched, for example, acoustic isolation can be achieved despite the joining material. 

20 Optional filler 318 may be placed between intermediate elements 306, completely or partially 

21 filling the voids or kerfs (the spaces between transducers 302 are referred to as kerfs). 

22 Optional filler 318 may be epoxy resin or other polymers and may include additives to modify 

23 its characteristics. An optional adhesive 320 maybe used to secure transducer 302 via 
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1 electrical pads 304 to connector 208. Optional adhesive 320 may be insulating or conducting 

2 adhesives such as epoxies, polyurethanes, silicones, etc. with or without various additives for 

3 different properties. 

4 [0047] Transducers 302 differ from prior art transducers in that they are mounted directly 

5 to connector 208 of signal generating and receiving unit 210. Alternatively, structures of 

6 intermediate elements 306 that are different from the prior art may also be used. 

7 [0048] In another embodiment transducer 302 is mounted on a high density connector 

8 (not shown), which is plugged into a corresponding connector 208 of the signal generating and 

9 receiving unit 210. The high density connector allows the acoustic transducing element 312 to 

U 

q 10 be positioned further from connector 208. Structures of intermediate elements 306 are further 

B 

UJ 11 discussed below. Also, the close proximity of transducers 302 to connector 208 may affect 

f 

12 the structural, acoustical, and electrical requirements of transducers 302. Consequently, the 

u 13 set of elements that produce optimal performance for transducers 302 may be different than 

5 

p 14 those of similar prior art transducers. 

ru 

p 15 [0049] Intermediate elements 306 may serve as posts or columns, and can have a cross 

16 section of any shape. For example, the cross section of intermediate elements 306 can be 

17 square, rectangular, circular, ovular, triangular, diamond-like, trapezoidal, rhombus-like, or 

1 8 polygonal in shape. Intermediate elements 306 can be a mixture of any of, any combination 

19 of, or all of epoxy, polyurethane, and/or silicone, for example. Intermediate elements 306 may 

20 also contain heavy particles of any shape or spheres made from material such as tungsten, and 

21 may further contain light particles, bubbles, and/or microspheres, which help attenuate sound. 

22 The light particles and microspheres can be made from glass and/or plastic, for example. 

23 Additionally, intermediate elements 306 may contain graphite or other electrically conductive 
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1 particles, which also help attenuate sound. Electrically conductive particles could be used as 

2 some or all of the heavy and/or light particles, depending on the ranges of density of the 

3 conducting particles chosen. 
[0050] The signal from signal generating and receiving unit 210 is brought through the 
,ayers and structures of connector 208 to electrical pads 304 on connector 208' s surface. 
Electrical pads 304, intermediate elements 306, and acoustic transducing elements 312 may be 

7 stacked one on top of the other and form the above-mentioned two-dimensional lattice. 

8 Acoustictransdu^^ 

9 mayconvertacousticsoundwavestoelectricalsignal, Acoustic transducing elements 312 

10 n^ybear^gedinmesamelamceaselectricalpad^ 

1 1 distribution within signal generating and receiving unit 210. 

12 [0051] mte^ediate elements 3^^ 

13 electrical signals between electrical pads 304, on connector 208 of signal generating and 

14 receiving unit 210, and electrical contacts 308 a, on acoustic transducing elements 312. 

15 Intermediate elements 306 may have an electrical conductivity that is high enough to 

16 minimizesignallos, The signal loss due to the intermediate element 306 is the powerloss 

17 (I 2 R, where I is the total current flowing through the army of intermediate elements 306 and R 

18 iseffectiveresis^ 

19 theintermediateelement. For example, in an embodiment the conductivity of the intermediate 

20 element is adjusted so that the signal loss is kept less than 1 DB. 

21 [0052] Thetotallengmofmeinte^^ 

22 connector208onsignalgene^ 

23 themainfactorsdete^ 
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1 transducing elements 312 and electrical pads 304. Thus, the resistivity of the intermediate 

2 elements 306 limit the elements' length, which in turn limits the intermediate structure 204's 

3 thickness. Intermediate elements 306 may have adequate acoustical attenuation or impedance 

4 to avoid sound reflections from connector 208 of the signal generating and receiving unit 210 

5 that would otherwise reach acoustic transducing elements 312. Intermediate elements 306 

6 may provide mechanical integrity and positioning accuracy of acoustic transducing elements 

7 312 and connector 208 of signal generating and receiving unit 210. 

8 [0053] The interconnecting backing media used for intermediate elements 306 may be an 

9 electrically anisotropic conducting media that conducts electricity in a direction perpendicular 

10 to the surface of the electrical pads 304. The interconnecting backing media may be used to 

1 1 bond acoustic transducing elements 3 12 to electrical pads 304 on connector 208 of signal 



□ 

i z 

yy 

y3 12 generating and receiving unit 210. Intermediate elements 306 may be made from an 



G 13 electrically conductive and acoustically lossy media. An appropriate anisotropic electrical 



14 conduction media can be made by incorporating a sparse concentration of conducting 

P 



15 elements and/or particles into an electrically insulating medium. The density of the sparse 

16 concentration is such that the conducting elements and/or particles do not touch each other in a 

17 direction perpendicular to the flow of electrical current due to their low density. The 

18 conducting elements and/or particles may have an elongated shape, and the conducting 

19 elements are oriented with their longer dimension to reach and make electrical contact on 

20 either side of the insulating medium in which they are located. The elements can be whiskers, 

2 1 wires, or arbitrary shapes of conducting media tending to extend the entire length of 

22 intermediate element 306. Alternatively, the conducting elements and/or particles may be 

23 significantly shorter than and kept relatively parallel to the long direction of intermediate 
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1 elements 306. The conductive elements should be long enough so that at least a significant 

2 number of them tend to touch one another along the length of the particles, but not along the 

3 width. The use of an anisotropic conductor reduces the chances of shorting between adjacent 

4 intermediate elements 306 when compared to an isotropic conductor. 

5 [0054] Alternatively, an isotropic electrically conducting and acoustically appropriate 

6 medium may be used to bond the array of acoustic transducing elements 3 12 to the two- 

7 dimensional array of electrical pads 304. Electrical shorts between the intermediate elements 

8 306 can be removed by eliminating the excess media causing the short via mechanical dicing, 

9 various ion, electron, plasma, chemical erosion, or other processes. 

10 [0055] Optional filler 318 may be an insulator that helps minimize electrical shorting and 

6 

yd 11 may have suitable acoustical impedance to prevent crosstalk between transducers 302. It may 

03 

j0 12 be desirable to minimize crosstalk by leaving the kerfs near transducers 302 void of filler. 

H* 

® 13 Optional filler 3 1 8 can be an acoustically attenuating material or a material with a highly 

5 

p 14 mismatched acoustical impedance to transducer 302. 

5 

p 15 [0056] Optional adhesive 320 can be conductive or insulative. If optional adhesive 320 is 

5 

M> 16 conductive, it is placed primarily between electrical pads 304 and intermediate element 306. 

17 Typically any excess optional adhesive 320 would be removed from the kerfs. However, it is 

1 8 not necessary to remove all of optional adhesive 320 from the kerfs even if it is conductive. 

19 The thinner a conductive film the more resistive it is to currents traveling in a plane. Also, the 

20 thinner a conductive film the more breaks, or discontinues, it is likely to have in it. 

21 Consequently, if any of optional adhesive 320 is conductive and is in the kerfs, the optional 

22 adhesive 320 must be thin enough or have enough breaks so that it will act as an insulator in a 
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, djTOtiOT paM.d«,d,c S urf^ofco ra «.or208havi n gelec«calpads3M,a I ,d«heop^ 

2 adhesive 320 must not cause any shorting. 

3 (0057, a^*^^™***********"**'***- 

4 TW ica..y,al,ofop t io„a.adhes i ve320o„e.ec« ri calpads304is ra nov 0 l However it is no. 

5 n ecess a ry t o I en»veaUofoptionaladhes i ve320f ro m0 1 ee.ec lli ca. P adsmeve„ifUi S 

6 iasuladve. 1 1,e0»«neraninsu 1 a0vef ita >emo I eU k e 1 yi.wi,.beab.e«osuppo rt aeu m n. 

7 M v« li ngp«pe^^ K »i«^™^^^ OT ^ toteiro ^ Wfitafbr 

8 example. Co^Oy.ifoptiond^veSMisinsuMve^^P'^™^ 

M 1 10 il(suchas byeon«c«,a reta g,or« 1 nne.i„g). Pressure appUed while beading intermediate 



w 

5 12 and the intermediate elements 306. 



,3 [0058] In FIGs. 4-10 like components have been given the same alphanumerical labels. 

18 of intermediate structure 204. 

19 [0059] HO.4isanaJ^aUveemb^n 1 en,400ofmesm K tu re ofHG.2.Embod 1 tnen, 

20 400has intern^ateetementstt which ate i„su.adve and coated with aeondue.or408 on 

22 ends. S pecifica.,y,.oexp,ainwhatisn^tbye^or408be,„gcoa K donanynumbe,of 

23 sides ^a tCT d»™o,eonduedvepad S 410aandbcoverin tt nnedia K e.emen K 406o„a t 
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1 least part of each of two of its ends. A portion of conductor 408 must also be placed at least 

2 partially on a third side of intermediate elements 406 to form an electrical coupling between 

3 conductive pads 410 a and b. Intermediate elements 406 can be columns or posts made from a 

4 mixture of any of, any combination of, or all of epoxy, polyurethane, and/or silicone 

5 containing dense particles or spheres made from material such as, but not limited to, tungsten 

6 and bubbles, low density particles, and/or microspheres. The low density particles and 

7 microshperes can be made from glass and/or plastic, for example. Conductor 408 can be a 

8 thin film that provides electrical interconnection between acoustic transducing elements 312 

9 and electrical pads 304 to which it is bonded or soldered. The conductor 408 can be exposed 

□ 10 or covered. If it is covered, it may be embedded within intermediate elements 406 and/or 

□ 

Ul 11 covered by optional film 412. Optional film 412 allows for the removal of any subsequently 

^ 12 introduced optional filler 3 1 8 by mechanical means, such as dicing wheels, without the danger 

Q 

13 of damaging conductor 408. Optional film 412 can be a thin film of insulating material or the 

Las 

p 14 same material as intermediate elements 406. Conductor 408 can be replaced by conducting 

m 

p 15 wires or whiskers that may be placed along the edges of, or embedded within intermediate 

M» 16 elements 406. Optional filler 3 1 8 can encapsulate conductor 408 completely, or partially, as 

17 shown in FIG. 4. Optional filler 318 may serve the purposes of providing structural integrity 

18 and acoustically isolating individual acoustic transducing elements 312. Optional filler 318 

19 can be of the same material as the posts used for intermediate elements 406 as long as it is 

20 insulative, or does not short transducers 302. The higher the electrical conductivity of 

21 conductor 408, the lower the signals loss. In one embodiment, the electrical conductivity 

22 provided by conductor 408 may be made high enough to minimize signal loss. The total 

23 length of intermediate elements 406 in the direction perpendicular to the signal generating and 
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1 receiving unit 210, and the per length resistance of conductor 408, will determine the total 

2 resistance of the individual couplings between the acoustic transducing elements 312 and 

3 electrical pads 304. Due to the relatively high conductivity of metallic films or wires, it is 

4 practical to increase the thickness of intermediate structure 204, to position the acoustic array 

5 surface to touch the patient in a comfortable way. Intermediate elements 406 may serve as 

6 posts or columns and can have a cross section of any shape. Intermediate elements 406 can 

7 have essentially the same mechanical and acoustical properties as intermediate elements 306, 

8 and therefore may have the same composition, except for the lack of the conducting particles 

9 in intermediate elements 406. However, (because intermediate elements 406 can have a lower 

□ 1 0 resistance), intermediate elements 406 can be made taller than intermediate elements 306. 
Ul 11 Also, the mechanical properties of intermediate layer 406 may be slightly different. 

f3 12 [0060] Conductor 408 and the bonding material (such as adhesives, solders, and welding 

1 3 material) should not cause acoustic reflections or perturbations. To avoid acoustic reflections 

2 

p 14 or perturbations, the thickness and size of perturbing items within the acoustic path may be 

ry 

□ 15 small compared to the acoustic wavelengths of interest. Conductor 408 should adhere to the 

5 

M 16 insulating media well enough to retain the structure's mechanical. The insulating media used 

17 for intermediate elements 406 should have adequate acoustical attenuation to avoid sound 

18 reflections from connector 208 of signal generating and receiving unit 210 that would 

19 otherwise reach acoustic transducing element 312. The insulating media used for intermediate 

20 elements 406 should have suitable acoustic impedance for optimum performance. The 

2 1 insulating media of intermediate elements 406 may provide mechanical integrity and 

22 positioning accuracy of acoustic transducing element 312 and connector 208 of the signal 

23 generating and receiving unit 2 10. 
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, [0061] nO S .5a n d6a re 0 1 e S amea S HG.4excep.*a.0 K HG, 5 a„<16embodime„ B 

2 «*««^ 

3 whilei „ t heHG.6embodin K n t ,conduc.or408iscove rc dwi0.op«io„alfita412. 

4 [0062] HG.7i S anc0«,mbod i men,700ha™gacoad»gofanin S ula t ivecoa6ng702 

5 ^ ft™ Kap.cn™, or Mylar™, for example, on any number of aides gmater than two 

6 inc.udlngbon.end.^dhavingconduc.or^lan.na.ed.ne^on. Tne innate elements 

7 704 can be the same as intermediate elements 406, or can be a conductor. 

8 [0063, RG.Sisano.heremb^men.mwhichisthes^easmatofemb^umentVOO 

10 i„termediateconductor408andoptionalnller318. 

„ [0064] Alu 1 oughHGs.6-8showopflonaladbesive320,itd<«no t need.ob«p rc aen.. 

,2 [0065] HGs.9andl0a re d.eaameasHG S .7and8, re speetive.y,excep.that 

,3 [ntennediateelemen^andopuonalfiltn 1002 do no. extend all the way down to 

14 conductivepads4.0a,.e a vinga 8 ap. Tne gap may be ftlledwith optional filler 318. If 

16 aiding — isolation. If optional filler 3. 8 is used, it prcvides mechanical integnty 

„ a „uho.dau,einterm=dia K elemen«ainp.ace. The coupungs to .he rows and/or columns of 

U decrica. pads - be done a, any suge of One consuucdon of the intemonnecdon-backing 

„ n^orafterhscompletio, Inttm edia K e,emenu902maybe P o S « S andca„haveac roS s 
20 sectionofanyshape. faurtto elemenu 902 - have essentially the aame mechanical 

22 902dono,extend,oconductivepads410a,*emecb^calpropertiescanbesUghdy 

23 different. 
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1 [0066] Although FIGs. 9 and 10 do not show optional adhesive 320, it could be included. 

2 [0067] FIGs. 1 1 A and B show flow charts of methods 1 100 a and b, respectively, of using 

3 an embodiment of the invention. FIG. 1 1 A is a method of transmitting acoustic signals, and 

4 FIG. 1 IB is a method of receiving acoustic signals. 

5 [0068] Referring to FIG. 1 1 A, in step 1 102 the signal generating and receiving unit 210 

6 generates an electrical signal. In step 1 104, the electrical signal is cablessly coupled via 

7 connector 208 and through a possible connector (not shown) and electrical pads 304 to 

8 intermediate structure 204. In step 1 106, the electrical signal is coupled through intermediate 

9 structure 204 to acoustic transducing element 312. In step 1 108, acoustic transducing element 

U- 

□ 10 312 generates an acoustic signal that is then transmitted via acoustical matching element 3 14 

O 

y 11 through optional acoustic window 3 16. 

43 

p 12 [0069] Referring to FIG. 1 IB, the ultrasonic signals from step 1 108 (FIG. 1 1 A) are 

M 

u 13 modified (e.g., reflected and/or transmitted) by the media of interest. In step 1 122, the 

s 

q 14 modified ultrasonic signals are received. Optionally the reception includes transmitting the 

ru 

q 1 5 ultrasonic signals through the optional acoustical window 316, and receiving them via 

5 

M= 1 6 acoustic matching element 3 14 by typically a different combination of acoustic transducing 

17 elements 312 because the direction of the incident and reflected ultrasound signals is typically 

18 different. However, in an embodiment each acoustic transducing element 312 can be used 

19 both for receiving and transmitting the modified ultrasonic signal. In another embodiment 

20 each acoustic transducing elements 312 may be grouped into pixels having a receiving half 

21 and a transmitting half. The acoustic transducing elements 3 12 convert the ultrasonic signal 

22 into an electrical signal. In step 1 124, the electrical signals are sent through intermediate 

23 structure 204. In step 1 126, the signals from intermediate structure 204 are sent via 
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1 electrically conducting structure 206 through connector 208. In step 1 128, the signals from 

2 connector 208 are sent back to signal generating and receiving unit 210 for processing to 

3 produce an image on a monitor or store as data for producing an image on a monitor. The 

4 receiving step may include attenuating reflections within the handheld ultrasound unit 200 

5 such as with the use of optional filler 318 and acoustically the attenuating materials used in 

6 intermediate elements 306, 406, and 902. 

7 [0070] FIGs. 12A and B show a method 1200 of making an embodiment of the invention, 

8 and some of the temporary structures formed at various stages of the process. In step 1202, 

9 signal generating and receiving unit is formed or provided, and connector 208 is coupled to or 
p 10 formed on signal generating and receiving unit 210. The rest of signal generating and 

3 

y 11 receiving unit 210 can be formed, assembled, or constructed at anytime relative to forming or 

q 

43 12 coupling connector 208 on signal generating and receiving unit 210. In step 1204 an 

E 

u 13 electrically conductive layer 1220 could be deposited on connector 208 for forming electrical 

t 14 pads 304. Also in step 1204, an electrically conductive and acoustically attenuating media 

ry 

P 15 1222 is laminated on an electrically conductive layer 1220. Further in step 1206, a first 

□ 

M> 16 conductive layer 1224, an acoustically active layer 1226 and a second conductive layer 1228 

17 form an acoustic transducing sandwich 1230. Acoustic transducing sandwich 1230 is bonded 

1 8 to electrically conductive and acoustically attenuating media 1222. Acoustic transducing 

19 sandwich 1230 could be first constructed and then bonded to electrically conductive 

20 acoustically attenuating layer 1222, or it could be laminated layer by layer directly upon 

21 electrically conductive and acoustically attenuating media 1222. In step 1208, an acoustic 

22 matching layer 1232 is bonded to one side of acoustic transducing sandwich 1230. Acoustic 

23 matching layer 1232 may include multiple layers and/or have significant structure to improve 
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1 acoustic matching. In step 1210, material is removed from the composite structure leaving 

2 columns and forming the kerfs. A small amount of connector 208 may also be removed 

3 during step 1210 in order to be certain that all of the conductive material between electrical 

4 pads 304 is removed, and optional adhesive 320 may be added. In step 1212, optional filler 

5 318 is added to the kerfs and allowed to harden. In step 1214, optional acoustic window 316 

6 is bonded to acoustic matching element 314. Optional acoustic window 316 may have ground 

7 sheet 315 formed on it by metalization or deposition for example before being secured to 

8 acoustic matching element 3 14. 

9 [0071] FIGs. 13A and B show a method 1300 of making an embodiment of the invention 

q 10 and some of the temporary structures formed at various stages of the process. In step 1202, 

£3 

y 11 signal generating and receiving unit is formed or provided, and connector 208 is coupled to or 

S 

43 12 formed on signal generating and receiving unit 210, as in method 1200. In step 1302, 

t 

O 13 electrically conductive and acoustically attenuating pillars that form intermediate elements 406 

5 

p; 14 or 902 are attached to connector 208. Although not shown in FIG. 13B, intermediate elements 

q 15 406 or 902 are formed with conductor 408, optional film 412 or 1002, and insulative coating 



16 702 attached thereto. Although also not shown in FIG. 13B, when intermediate elements 406 

17 or 902 are attached to connector 208, intermediate elements 406 or 902 are bonded to 

18 electrical pads 304 on connector 208. Intermediate elements 406 or 902 with conductor 408, 

19 optional film 412 or 1002, and insulative coating 702 attached thereto may be formed as 

20 structures 1320 on a sheet 1322 so that they can be fixed in positions relative to one another 

21 and aligned with electrical pads 304. Structures 1320 may be first formed and then attached to 

22 sheet 1322 or may be formed on sheet 1322. The formation of structures 1320 is described in 

23 more detail in relation to FIG. 14, below. Alternatively, electrical pads 304 may be included 
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1 in structures 1320, for example. After bonding structures 1320, to connector 208, sheet 1322 

2 is detached. In optional step 1304, optional filler 318 may be added as a liquid and allowed to 

3 harden. In step 1206, an acoustic transducing sandwich is bonded to intermediate structure 

4 204. The acoustic transducing sandwich includes a first conductive film, an acoustically 

5 active layer, and a second conductive film. The acoustic transducing sandwich could be first 

6 constructed and then bonded to the electrically conductive acoustically attenuating media, or 

7 could be laminated layer by layer directly upon the electrically conductive and acoustically 

8 attenuating media. Next in step 1206, material is removed from the transducing sandwich to 

9 form acoustic transducing elements 312. Alternatively, acoustic transducing elements 312 

10 could also be formed on the same sheet 1322 while making the intermediate elements as part 

1 1 of structures 1320. Method 1300 then proceeds as in method 1200 with steps 1208, 1210, 
y3 12 1212, and 1214. Method 1300 may include neither of or just one of steps 1304 and 1212. 
Q 13 Alternatively, part of the optional filler 318 may be added during step 1304 and part may be 
P 14 added during step 1212. 

m 

q 15 [0072] FIG. 14 shows a flowchart of method 1400 for making the intermediate elements 

O 

U 16 of an embodiment of the invention. In step 1402 method 1400 starts with providing or 

17 forming intermediate elements 406 or 902, which may be formed on sheet 1322 or formed 

18 separately and then attached to sheet 1322 after the completion of method 1400. If structures 

19 1320 (which form intermediate elements 406 or 902) are formed on sheet 1322 a conductive 

20 layer (not shown) is first be deposited on sheet 1322 and then an insulative layer (not shown) 

21 is deposited from the composite structure leaving columns to form conductive pads 410 b 

22 attached to intermediate elements 406 or 902. Conductive pads 410 b form a first part of 

23 conductor 408. Some material from sheet 1322 may also be removed or alternatively the 
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1 conductive layer (not shown) may be left exposed and not separated into conductive pads 410 

2 b. Optionally, in step 1404, intermediate elements 406 are coated with an insulative coating 

3 702 some of which may be removed to expose the conductive layer (not shown) or conductive 

4 pads 410 b. In step 1406, intermediate elements 406 are coated with conductor 408. 

5 However, if structures 1320 were formed on sheet 1322 then the part of conductor 408 that 

6 forms conductive pad 410 b will already be present. The conductor 408 may be attached to 

7 insulating coating 702 or embedded within insulating coating 702 first and then attached to 

8 intermediate elements 406 via insulative coating 702. The conductive layer (not shown) is 

9 separated into conductive pads 410 b if not already separated in step 1402. In optional step 

jjj 10 1408, the conductor 408 is covered with optional film 412 or 1002. Optional film 412 or 1002 

yj 11 provides an insulating and protective coating thereby embedding conductor 408 in the 

■i 

y3 12 composite structure formed by intermediate elements 406 or 902 and optional film 412 or 

□ 13 1002, respectively. 

s 

14 [0073] Although the word "structure" is used to describe many elements, these elements 

q 15 could also be assemblies, which in this Application is generic to the word "structure" but also 

O 

Q 16 includes assembles or collections of parts. The word "coupling" in this application is generic 

17 to direct connection and a connection made via an intermediate element as well as any other 

1 8 type of coupling, link or way of attaching elements together. 

19 [0074] The invention could also be constructed using other signals, such as optical signals 

20 rather than electrical signals. In an optical embodiment electrically conducting structure 206 

2 1 may be replaced with an optical connection, for example. Although the acoustic transducing 

22 elements 312 are depicted as having electrical contacts 308 a and b, they are only necessary if 

23 electrical energy is used to excite the active acoustic elements 3 10. If the active acoustic 
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1 elements 310 are excited by other forms of energy such as by using electric magnetic waves or 

2 mechanical energy, the electrical contacts 308 a and b may not be used or may be replaced by 

3 coupling contacts for securing the active acoustic element in place. 

4 [0075] Although the invention has been described with reference to specific 

5 embodiments, it will be understood by those skilled in the art that various changes may be 

6 made and equivalents may be substituted for elements thereof without departing from the true 

7 spirit and scope of the invention. In addition, modifications may be made without departing 

8 from the essential teachings of the invention. 
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